Genetic transformation studies were used to determine relatedness within the family Pasteurelluceae. Among strains with <60 % relatedness to Haemophilus influenzae based on deoxyribonucleic acid hybridization, two groups were identified; one, showing competition for homospecific transformation with H. influenzae, contained Haemophilus parainfluenzae, Haemophilus parasuis, Haemophilus aphrophilus, Haemophilus paraphrophilus, Pasteurellu pneumotropica, Pasteurella multocida, and ActinobaciElus actinomycetemcomitans, and the other, showing little or no competition for homospecific transformation with H. influenme, contained Haemophilus ducreyi, Haemophilus parahaemolyticus, Actinobacillus ligniermii, Actinobacillw equuli, Actinobacillus pleuropneumoniae, and Pasteurellu ureae. Such groupings support existing studies which have used only deoxyribonucleic acid hybridization or numerical analysis.
Currently there is much interest in the taxonomy of the family Pasteurellaceae, particularly the genus Haemophilus, and it is recognized that traditional genus designation based on limited phenetic traits may be inadequate (15) . Despite requirements for hemin (X factor) or nicotinamide adenine dinucleotide (V factor), deoxyribonucleic acid (DNA) hybridization studies have suggested that Haemophilus pleuropneumoniae is more closely related to members of the genus Actinobacillus ; that Haemophilus ducreyi is a monospecific genus unrelated to the type species Haemophilus influenzae; that avian species of Haemophilus are related to Pasteurella species; and that Haemophilus somnus, Haemophilus agni and Histophilus ovis are related and belong to a single distinct species (4, 13, 15, 16, 25) .
Overall DNA sequence relationships as determined by DNA hybridization studies have become the standard parameter for determining taxonomic relationships, and the concept of the genospecies is thought to be of little value (11) . Recent studies, however, hqve demonstrated regional differences within the genome for both presumed rates and mechanisms of evolution (17) . We think, therefore, that taxonomic methods based on characteristics other than overall sequence relatedness will be necessary for completeness.
Not long after Alexander and Leidy recognized transformation in H. influenzae in 1950, this genetic method was used in classification studies for members of the genus Haemophilus (2, 12) . Since that time, much work has been done on the molecular events that accompany transformation, and several steps in transformation that are of potential taxonomic significance have been identified: (i) development of competence, (ii) recognition and uptake of transforming DNA, (iii) integration of DNA in the recipient genome, and (iv) expression of phenotype in the recipient cell (6, 9, 11, (18) (19) (20) 22) . To avoid problems of expression of phenotype, we have chosen markers thought to be conserved, such as ribosomal subunits or (in this study) a subunit of the DNAdependent ribonucleic acid polymerase (7) . To avoid problems of variability in development of competence, we have chosen a strain of H . influenzae, BC200, which (i) develops competence in nearly 100% of the population, (ii) is related (21) . Rifampin-resistant derivatives of these strains were selected by serial passage on antibioticcontaining medium until good growth was obtained at 100 pg of rifampin per ml. Rifampin resistance in H. influenzae was shown for our derivative of Rd to be caused by resistance of the DNA-dependent ribonucleic acid polymerase to the action of this drug (W. L. Albritton and J. K. Setlow, unpublished observations).
DNA hybridization. Methods for preparation of DNA and determination of DNA relatedness by the hydroxyapatite method have been previously described (1). Briefly, DNA from H . influenzae Rd was labeled in vitro with deoxycytidine [32P]triphosphate by using a commercial nick translation kit. After incubation, the labeled DNA was isolated by passage over a molecular sieve column. Frac- tions containing labeled DNA were pooled and sonicated at 4°C to obtain fragments with a molecular mass of 2.5 X lo5 to 3.5 x lo5 daltons. Methods for reassociation have been described in detail by Brenner et al. (3) .
Transformation. Transforming DNA was prepared in the same way as was described above for DNA hybridization. Transformation was carried out with cells made competent in MIV medium as described by Steinhart and Herriott (23). Recognition and uptake of transforming DNA was assessed by competition for homospecific transformation (1, 19) . Integration of DNA in the recipient genome was assessed by determining the relative transformation efficiency for the conserved marker, defined as the heterospecific transformation efficiency for the 100 RIF marker compared to homospecific transformation of H . infruenzae for strains showing relative competition values 2 1 .OO for homospecific transformatian.
RESULTS
ciency of transformation and competition for homospecific transformation were examined ( Fig. 1 and Table 1 ). Heterospecific transformations were carried out at concentrations of heterospecific DNA of either 20 pg/ml or at least 100-fold excess DNA over that required for saturating homospecific transformation. Competition for homospecific transformation was carried out at concentrations of homospecific DNA of 0.01 pg/ml to ensure nonsaturating conditions for homospecific transformation and at concentrations of heterospecific competing DNA of 10 pg/ml, levels that would provide 97% inhibition for homospecific DNA. Determination of the performance characteristics of the method are essential for standardizing the results and have been rarely described in other studies using transformation to determine genetic relationships between bacteria.
The overall sequence relatedness as measured by DNA homology in DNA hybridization studies, recognition and uptake of transforming DNA as measured by heterospecific DNA competition for homospecific transformation, and integration of DNA in the recipient genome as measured by efficiency of heterospecific transformatian, was determined for selected strains and species of the family Pasteurellaceae ( Table 2) . None of the strains studied were related to H . influenzae at a relative binding ratio of >60%, although all except P . ureae were related at ratios >2Q%. Although clustering based on DNA homology was not apparent, at least two groups could be distinguished on the basis of competition for homospecific transformation; one, consisting of A . lignieresii, A . equuli, A . pleuropneumoniae, and P . ureae, appeared to be deficient in sequences related to the proposed uptake sequence necessary for transformation. Values for relative transformation efficiency were not given for those strains not showing competition for homospecific transformation, since in the absence of specific uptake, little meaning could be attached to these values. Nevertheless, they were within the range of values given for strains having presumed uptake sequences.
DISCUSSION
The results presented here and in our previous report on heterospecific transformation in the genus Haemophilus (1) suggest that certain genetic relationships can be defined by transformation under controlled conditions and that these relationships support existing studies which used only DNA-DNA hybridization or numerical analysis (15, 24) . We have adopted for discussion the values of Johnson (10) for proposed taxonomic groupings based on DNA relatedness, with members of the same species showing >60% relatedness and members of closely related species showing >20% relatedness. Among strains with <60% relatedness based on DNA hybridization, transformation studies clearly separated two groups: one showing significant competition for homospecific transformation, containing H . parainfluenzae, Haemophilus parasuis, H . aphrophilus, H . paraphrophilus, P . pneumotropica, P . multocida, and A . actinomycetemcomitans; and the other showing little or no competition for homospecific transformation, containing H . ducreyi, Haemophilus parahaemolyticus, A . lignieresii, A . equuli, A . pleuropneumoniae, and P . ureae. Whether or not these two groups defined by competition for homospecific transformation are a result of the presence or absence of sequences related to the specific uptake sequences required for Haemophilus transformation remains to be determined. Nevertheless, recent studies have shown a lack of relatedness between H . ' (Ratio of transformants without and with competing DNA for heterospecific DNA)/(ratio of transformants without and with competing DNA for homospecific ' Heterospecific transformation efficiency for the 100 RIF marker compared to homospecific transformation of H. influenzae strain BC200. DNA). H. influenzae strain BC200 was used for transformation and as the source of homospecific DNA.
ducreyi and other Haemophilus species (4) and a similarity between A. actinomycetemcomitans and H . aphrophilus (5). Recent studies have also made proposals for a genetically defined genus Actinobacillus to include A . lignieresii, A . equuli, and P . ureae, and to exclude A. actinomycetemcomitans (8) and for the transfer of H . pleuropneumoniae to the genus Actinobacillus (16) . All of these findings are supported by our transformation studies, Whether or not efficient competition for homospecific transformation is seen only among strains belonging to the family Pasteurellaceae also remains to be determined, but we have never seen efficient competition for homospecific transformation with DNA having an overall DNA relatedness of <20%. Although efficient competition for homospecific transformation appears to be a necessary condition for efficient heterospecific transformation of conserved markers, it is not by itself a sufficient condition, and the two strains of H . parainfluenzae used in both this study and our previous study showed significant differences in efficiency of heterospecific transformation. It is possible that the difference was due to the closer relatedness of the NCTC 4101 strain to avian species of Haemophilus (15) rather than to H . parainjluenzae NCTC 7857* used in our earlier study. It is also possible that differences in efficiency are due to regional differences and genome rearrangements within related species of Haemophilus as evidenced by alterations of linkage relationships in heterospecific transformation (14) . Additional work with H . parainjluenzae strains that show >60% relatedness by DNA hybridization will be needed to answer this question. It is clear from our previous study (1) that efficiency of heterospecific transformation is not dependent on overall DNA relatedness, since H. parainfluenzae NCTC 7857T and Haemophilus parasuis NCTC 4557= with <60% DNA relatedness with H . influenzae transformed H . injluenzae more efficiently than does Haemophilus aegyptius ATCC 11116T, which has >90% DNA relatedness with H . injluenzae. This may be caused by either the absence of an uptake site on the same DNA fragment as the transforming marker or genome rearrangement and regional differences in the rate of genome evolution. A detailed analysis of genome organization and structure may be necessary to provide a meaningful classification within some of the groups in the family Pasteurel-. laceae defined by transformation or overall DNA relatedness.
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